Cardiopulmonary actions of muscarinic receptor subtypes in the newborn dog.
We addressed the role of muscarinic receptor subtypes in neurally mediated bronchoconstriction in vivo and airway smooth muscle contraction in vitro in the newborn dog. The in vivo dose-response effects of "selective" muscarinic antagonists on changes in lung resistance (RL) and heart rate (HR) in response to electrical stimulation of the vagus nerves were obtained in four groups of newborns. Each group was exposed to a different muscarinic antagonist: M1-selective pirenzepine (pir), M2-selective AF-DX 116 (11-[2-[(diethylamino)methyl]-1-piperidinyl]acetyl-5,11-dihydro-6H-pyrid o- [2,3-b]-[1,4]-benzodiazepine-6-one), M3-selective p-F-HHSiD (p-fluoro-hexahydro-sila-difenidol), and nonselective atropine (atr). In vitro concentration-response effects of pir and AF-DX 116 were obtained for neurally induced contractions of tracheal smooth muscle, elicited by electrical field stimulation. In a separate series of experiments we measured the bronchoconstrictor response to the muscarinic agonist acetylcholine delivered by right heart injection. Muscarinic antagonists reduced RL and HR responses to vagal stimulation in a dose-dependant fashion; however, ED50 values and selectivity for airway and cardiac responses (HR/RL ED50 ratio) were significantly different between antagonists. The rank order of potencies for inhibition of the increase in RL was atr > pir, M1 > p-F-HHSiD, M3 > AF-DX 116, M2, while that for HR was atr > AF-DX 116 > pir > p-F-HHSiD. AF-DX 116 preferentially inhibited the HR response, as reflected by the lowest HR/RL ED50 ratio (p < 0.001). The remaining antagonists preferentially inhibited RL, with the highest HR/RL ED50 ratio seen for p-F-HHSiD. These data suggest that muscarinic receptor subtypes are differentiated at birth and mediate cardiac and airway responses to vagal stimulation. We did not find autoinhibitory actions of airway M2 receptors on either the in vivo bronchoconstrictor response or the in vitro contractile response to electrical field stimulation. This suggests that neonatal airway M2 receptors, but not myocardial M2 receptors, are reduced in number or weakly coupled to muscarinic signal transduction mechanisms. Direct activation of airway smooth muscle by acetylcholine caused dose-dependent increases in RL that reached a plateau at approximately 200% at 100 micrograms, similar to values reported for vagal stimulation.